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Min Xn. AVER CERAMIC CAPAOTOR AND 
PROCESS FOR PREPARING THE SAME 
Wnriiy is claimed u, Jai,ai.«c Paieiu AppUcadons No. 2003-48234 filed on 
Fchn.ary 25. 2003. a..d No. 2003-151139 mcd on May 28. 2003. the disclosure of v^^^ 

5 incoxpoTared by TP-rKrencc in \ls enliicly. 

BACKGROUND OF THF. TNVl^NTTQN 

1 . Filstd urUie iiivenUaii 

. The present mvcndon iclatcs to a muldlayer cetamic capacitor and a process for 
preimrine U« saiiie. and. particularly to a muWlaycr ceramic capacitor ftat comprises an 
effective dielectric material section consisting of thin didcctrie ecnunic layers and intcn«l 
electrode layers stacked alternately, and external cover dielectric layers that ate stacked on 
the upper and lower surfeccs of the effective didcctrie material section for the protection 
tbeiBoC and a process for preparing the same. 
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2. Description of Related Art 

Rcccndy, as elcclronic components become incroosinfily smoUcr in size ond hifiher 
in functionality, efforts hirye been made to manufixcture multilayer cemniie capacitors that 
oxo smnller in size and lurRer in capacity. SpeeificaUy, such multilayer cenunic capacitors 
have been manuiaeiured as the dielectric ceramic layer thereof is made thinner to a 
tfaidmess (distance bctvveen internal electrodes) of 10 m m or less and 100 or mom internal 
eleetxode layers are stacked. With such a trend toward thinner dielectiie ceramic layere. 
the mean grain size of main crystal phase that constitute the dielectric ceramic layers has 
been reduced to about I ^ m while particle size of the dielectric material powder and glass 
25 powder used to make it have been made smaller. Such technologies have been disclosed in. 
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for example, Japanese Unexamined Patent Publication No. 10-241987 and Japanese 
Unexamined Paicni Publicadon No. 9-97733. 

However, in such a multilayer ceramic capacitor made by using dielectric material 
powder md gla<w powder of fine particles as described above, high shrinkage ratio of the 
5 dielectric material powder aRer firing causes the protective external cover dielectric layer 
107 to shrink at a higher rate than the effective dielectric material section 105 that includes 
the dielectric ceramic layers 101 and ihe internal eleclrode layers 103. As a rraull, the 
external cover dielectric layer 107 tends to become smaller in size as shown in Fig. 3 
(dimendon of the external cover dielficirin layer 107 before jibrinkagc is^ denoted a5; TJ and 
10 dimcasion thereof after shrinkage is denoted as L2). In such a multilayer ccraniic 
capacitor, strain due to dificrenee in shrinkage after firing has been causing cracks and/or 
delaminadon between the exlemal cover dielectric layer and Ihe eHecLive diclcclric maLurial 
section and between the efiEective dielectric material sections. 

15 S]|][MMABY-Pr,TITFr INVIvNTIQN 

An advantage of the present invention is 1o pirovirift a miilHIayiitr CAmmie cajwcritor 
(hat can suppress Lhe uccurrcucc uf cmcks axid/ur dduuuuatiuu between the external cover 
dielectric layer and the effective dielectric material section and between the cffcetive 
dielectric material sections due to die difference in shrinkage after firings despite the use of 

20 dielectric material power of liner particles, and a process for preparing the same. 

ITie multilayer ccmmic capacitor of the present invention comprises an effective 
dielectric material section where dielectric cenunic layers that include a iiutiu crystal phase 
made mairdy of at least BaTi03 and a secondary phase made mainly of SiO^ that forms grain 
boundary and triple poinx boundary and iniernal electrode layers are stacked alternately. 

25 external cover dielectric layers that are formed on the upper and lower sur&ces of the 



dOTcctivc dielectric moteriol section and includes a main crystal phase and a secondary phase 
comprising at lea«;t the same components as those of the dielectric ceramic layers, and 
external electrodes that arc connected with the ihtcmal electrode layers led onto both end 
faces of the effective dielectric material section which includes the external cover dielectric 
5 layers, wherein, the exltsroal cover dielcclric layers comprises ceramics which has lower 
sihterabillly than the dielectric ceramic layers of the effective dielectric material section. 

Specifically^ the multilayer ccn:ainic capacitor of the present invention has such a 
constitution as the mean grain sisx of the main crystal phase in the external cover dielectric 
layer is kugcr than the mean grain size of the main crystal phase in the dielectric ceramic 

10 layer, and the amount of the secondary phase in the external cover dielectric layer is more 
than the amount of the secondary phase in tlie dielectric ceromic layer. This constitution 
makes it possible to decrease the difference in final shrinkage alter firing between the 
external cover dielectric layer and the effective dielectric material section, reduce the 
intemni stress (srtTiin) genftraled hel ween the c^ocmal cover dielectric layer and the effective 

15 didecLric umlcrial section by rcduciiiK Uic sliill uf llic shriukaRc staniuK IcmpcrcOure lu word 
higher temperature even when the mean particle size of the didectric material powder is 
made larger, thereby to suppress cracks and delaminaiion from occurring in the multilayer 
ceramic capacitor made by stacking larger number of thinner layers. 

The mnltilayer cemmic capacitor of the pre5;cnt invention may also he made by 

20 setliiiK the volume prupurtiuri uf the secuiidury phase lu die iimiii crystal phase in die 
external cover dielectric layer smaller than the volume proportion of the secondary phase to 
the main crystal phase in ihe dieleciric ceramic layer. This consUiution also produces the 
multilayer ceramic capacitor free of delnmination even when fine particles are used in the 
main crystal phase that constitutes the dielectric ceramic layer. 

26 A process for preparing the multilayer ceramic capacitor according to the present 
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invention comprises Ihc steps of fonning a laminate comprising an cfGsctivc laminate made 
by inteiposing internal electrode pattern between a pluraliiy of first dielectric material green 
sheets that include dielectric material powder and gloss powder ond ore stocked one on 
another, and external cover layers that are placed on the upper and lower sinfaces of the 
5 cITcclive latminalc and arc made fiwin second dielectric material green sheets which include 
the same dielectric material powder and the glass powder as those of the first dielectric 
material green sheets; and catling and firing the laminate wherein the dielectric material 
powder and the ghiss powder arc included in the green sheets in such a proportion as the 
second dielectric material green sheets have lower sintcrability than the first dielectric 

10 maiurial Ktcun sheets. 

Speeilicaily, the mean panido size of the dielectrie material powder mcluded in the 
second dielecnic material green sheet is made larger than the mean particle size of the 
dielectric material powder included in the first dicleelrie material green sheet, ond ihc 
amount of g\asR powder included in the second dielectric material green sheete is made 

10 larger than the amount of the glass powdci- mcluded m the first dielectric material green 
sheet 

Such a manufacturing method enables it to make the mean grahi size of the maui 
crystal phase of the external cover dielectric layer larger than the mean grain sisse of the 
main crystal phase of the effective dielectric material section, and set the amount of the 

20 secondary phase larger in the external cover dielectric layer than m the cflfcctivc didcctric 
material section, so that the multilayer ceramic c^acilor that enables it to decrease the 
difference in final shrinkage after firing between the external cover dielectric layer and the 
effective dielectric material section can be easily febrieated. That is, shift of the shrinkage 
staniog temperature toward hifihcr temperature can be made smaller even when the mean 

25 particle size of the dielectric material powder is mode larger, thereby making it easier to 



momiiacture the multilayer ceramic capacitor that can suppress cracks and dclamination 
from occurring, despite stacking a larger number of thinner layers. 

Alternatively, proportion of the gloss component in the second dielectric material 
green sheet may be made smallw than the pmportion of the glass component in the first 

5 diclcclxic nialerial ktccu $Ueei. 

As a result, even in the miUtilayer ceramic capacitor made by stacking a larger 
number of tliinner layers made of finer powder, the volume proportion of the secondary 
phase that fonns the grain boundary and triple point boundaiy in the ceramics structure of 
the external cover dielectric layer may be made lower than the volnroe proponicm of the 

10 secondary phase in ihc cflccUvc diclccuiu nmicrial section- Specifically, when the volume 
proportion of the secondary phase in the external cover dielectric layer is set in a range from 
60 to 95% of the volume proportion of the secondary phase in the dielectric ceramic layers 
that consrituic the cfFcctivc dielectric material section, it is mode possible to delay the start 
of shrinkage of the external cover dielectric layer thereby to achieve a changing pattern near 

10 U«B shrinkage cui ve for the filing temperature of the cflfcctivc dielectric material section. 
Thus it is made possible lo suppress die stress generated in the internee between the 
effective dielectric material section and the external covta- dielectric layer due lo Ihc 
difference in fhe shrinkage starting temperature during firing, thereby to prevent 
dclamination from occulting in Xbc interfeec and between the internal electrode layer and 

20 the dielectric ceramic layer near the intcr&cc. 

RRTCP nF.srF TPTT<^>J drawings 

Fig. 1 is a schematic sectional view showing an embodiment of ihe muldlayer 
ceramic capacitor according to the present invention. 
25 Fig. 2 is on enlarged sectional view between the efFective dielectric material section 
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and the external cover dielectric layer. 

Rg. 3 is a schemntic 5u>cHnnnl view sihnwing the multilayer ceramic capacitor 
where Uic exlciJial cover dielectric layer has shrunk compared to the effective dielectric 
material section. 

5 

pPRnT?TPTTnM nv PRF.FRpgPr> PMROmMKNTS 

Tlic iiiuliilayer ceramic capacitcu' of this embodiment compcisiBS an effective 
dielectric material section 1 Aat contributes to the development of e^padtanee, eictemal 

10 cover dielectric layers 3 thai are placed on ihe upper and lower surfeces of the effective 
dielectric material section 1 and do not contribute to the development of ei^acitoneii, and 
external electmdes 5 formed at the ends of Ihe effective dielectric material section t and the 
external covei* dielectric layers 3. The effective dielectric material section 1 i$ constituted 
by stacking the external cover dielectric layers 7 and tiic internal electrode Inyers 9 

15 alternately. 

It is preferable Aat die diickness (tl) of the eCFeetive dielectric material section 1 
and the thickness (t2) of the external cover dielectric layer 3 satisfy the relation of r2M ^ 
0.05, It is particularly preferable to apply the present invention to a ease where the ratio 
t2/tl is 0.1 or Uager, and the external cover dielectric layer 3 has grKaWsr inHiience on the 

20 effective dielectric material section 1 . 

Fig. 2 is an enlarged sectional view between the effective dielectric material section 
I and the external cover dielecliic layer 7. Specifically, the dielectric ceramic layer 7 is 
constituted from main ciystal phase 1 1 made of cetaxnie grains, grain boundary 13 and triple 
point grain hnimdary IS tbrmcd in the interface of the main crystal phase 1 1. The main 

2S crystal phase 1 1 is made of at least DaTiO, as the main componmt 



The groin boundary 13 ond the triple point grain boundaiy 15 arc constituted from 
the secondary jthnse 1ft including or SiOj the main component The external cover 
dielectric layers 3 art; also constituted from the main crystal phase 11 made of similar 
components as those of the dielectric ceramic layer 7 that constitutes the cflcctivc dielectric 
5 material secifon 1 , and the secqndaiy phase 16 comaslinK of ihc Kwin boundary 13 and ihc 
triple point grain boundary 1 5. 

According to the present invention, it is imponaat that the mean grain size (D2) of 
die main crystal phase 11 in the external cover dielectric layer 3 is larger than the mean 
grain size (Dl) of the main crystal phase 11 of the dielectric ceramic layer 7, and that the 
10 amount M2 of the secondary phase in the external cover dielectric layer 3 is larger lhan the 
amount Ml of ihc accondaiy phase in the dielectric ccromic kyer 7. Specificolly. the mean 
grain size (P2) of the main aysial phase 11 In the external cover dielectric layer 3 Is 
preferably in range from 1.1 to 1.5 times and more preferably 1^ to 1.4 times ihc mean 
grain size (Dl) of the main crystal phase 1 1 of the dielectric ceramic layer 7. 
15 It is also preferable thai the amount (M2) of Ihc sucondary phase in ihc external 

cover dielectric layerS is from 1,01 to 1.5 times, more preferably firom 1.05 lo 1.4 times the 
amount (Ml) of the secondary phase hi the dielectric ceramic layer 7, 

According to the prcscm invention, as the mean particle size (DG2) of the 
dielectric material powder on the external cajver riieleciric layer S side herore firing is made 
20 larger lhan ihe mean particle size (DGl) on Ihc dicluclric ceramic layer 7 side, density 
before firing becomes higher and less shrinkage occurs after firing, while the starting 
temperature of smtcring of the external cover dielectric layer 3 shifts toward higher 
tcmpcmwrca. On the other hand, shrinkage starting temperature can be made lower so as 
to achieve a changing pattern near the shrinkage curve for the firing temperature of the 
25 effective dielectric material section 1, by setting the amount of glass powder (MGl) that 
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makes the sccondoxy phase (M2) ineluding silicon oxide as the moin eomponeat lorger thon 
the amount of glass powrier (Mtil) ihat malce?; the sccnnclaiy pha<«5 (JMl) on the dielectric 
ceramic layer 7 side in corrcspondciicc to the increase in the mean particle size (DG2) of the 
dieleetrie material powdisr on the exiemal cover dielectric layer 3 side. 
5 As a result it is made possible xo suppress the strain generated in the inier&ce 

between the effective dielectric material section 1 and the external cover dielectric layer 3 
due to the difference in shrinkage starting temperature during firing, thereby lo easily 
inanufacture tlie multilayer ceramic capacitor, that is free of cracks and dclamination that 
would occur in the InterEEiee and between the internal electrode layer 9 and the dielectric 

10 ceramic layer 7 near the interface, with higher yield of production- 

The mean grain siw (Dl, 02) of the main crystal phase 11 can be determined by 
the intercept method based on the observation of the cross section of the ceramics with an 
electron microscope- Specifically, the mean grain size 15 given as Ihc length of the 
diagonal of a 30 ;j m square area in the photograph divided by the number of grains lying 

15 onihelhie. 

Thickness of the dielectric ceramic layer 7 is 7 m m or less, preferably 5 m m or 
less, and more preferably 3 m or less. Number of staclcs is 100 or more, preferably 150 
or more, and more prcierably 200. By reducing the thickness of the dielectric ceramic 
layer 7 and stadcing a larger number of the layers, eleetrostatic capacitance of the multilayer 
20 cerumic capaciLur can be increased. 

The mean groin size (D2, Dl) of the main crystal phase 1 1 that constitutes the 
dielectric ceramic layer 7 and the external cover dielectric layer 3 is 0.S iz m or less and is 
prcferobly 03 m or less, so diat the present invention is best suited to the multilaycr 
eeramic c?ipacitf>r wherein nie^m gnrin siw. (137., HI) of thf. main crystal ph?ise that 
25 constitutes the dielectric ceramic layer 7 and the external cover dielectric layer 3 is small. 
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Thiidcncss of the internal electrode layer 9 is 5 *tm or loss, preferably 3 m or 
less, and more preferably 2 nm or less, in order lo reduce the influence of stress of the 
internal electrode layer 9 on the cficctivc dielectric motcriol action 1 . 

The internal electrode layer 9 is preferably one kind of metal selected from a group 
5 including Ni, Cu, An, Ak-PJ w an alloy ilicreof, in order lo cut down on die cost of Oie 
compact and high-capacitance multilayer ceramic capacitoi; and Ni is particularly prefeable 
^ce it enables simultaneous firing with BaTiO, that is ihe main componenL 

Now the process for preparing the multilayer ceramic capacitor according to the 
present invention will be described in detail below. 
10 First, a dielectric maieiial powder based on BaTiO,, a ulass powder thai ineludcs at 

least a predetermined quantity of SiO, and various additives of small qtiantities are 
dispersed in a dispersing medium thai includes a binder so as lo obiain a ceramic sluny. 
The sluny is then foimcd into a sheet using a known coatcr, for example a doctor blade, to 
obtain a firirt diclciiric material green sheet that would become the dielectric ceramic layer 7 
15 aAcr IiriiiK* 

A second dielectric material green sheet that makes an external cover layer 
consrituting the laminate before firing, namely ihai would become the exiemal cover 
dielectric layer 3 after firing is also made in a procedure fnmilar to that for thd first dielectric 
material green sheet 

20 Here it is important that the mean particle size of the dielectric iuatcriai powder in 

the second dielectric material green sheet is larger than the mean particle sixe of tlie 
dielectric material powder in ihe first dieleciric material green sheets and thai the amount of 
glass powder (MG2) in the second dielectric material green sheet is larger dian the amount 
of glass powder (MGl) in the first dieleciric material green sheet. Specifically^ the mean 

25 particle size (DG2) of the dielectric material powder in iho second dielectoic matcriul green 
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sheet is preferably 1.1 lo 1.5 times and more preferably 1.2 lo 1.4 times the mean particle 
si2c (DGl) of the <Uelectric material powder in the first dielecfrin maierial grccn 5shccL 

The amuuiil of glass puwdec (MG2) iii the second dielectric material green sheet is 
preferably 1.01 to 1.5 times and more preferably 1.05 to 1.4 times the amount of glass 
powder (MOD In the fiisi dSelectric material greca sheet. 

This constitution makes it possible to cancel Ac inoreaso in the storting temperature 
of shiinlcage of the second dielectric material crccn sheet that uses the dielectric material 
powder having hiigtar mean partidu size by Uic increase in ilw amount of ghiss powdci, and 
achieve a chonging pattern near the shrinkage curve for the firing temperature of the first 
dielectric material green sheet that would make the effecrive dielecuic material section 1. 

Thus it is made possible to suppress the stress generated in the intcrfiicc between 
the ettecHve dielectric maicrial section 1 and the external cover dielectric layer 3 due to tiie 
Uiflcreucc in die shrinkage sUuling temperatwc during firing, thereby to prevent 
delamination from occuixing in the inter&ce and between the iniemal electrode layer 9 and 
the dielectric ceramic layer 7 near the interfocc. 

According to the monufiicturing method of the present invention, mean particle size 
(1 )It1 , 1 JCi'i) of the dielectric material powder that constitutes the first dielectric material 
green sheet and the second dielectric material green sheet is 0.5 /* m or less and preferably 
04 MHi. 

On the other hand, mean panicle size of the glass powder is in a range ftom 0 J lo 
1 .2 /tf m, and is preferably in a range from O.'l lo 0.8 /* m. The mean particle size of the 
dielectric material powder mentioned in the present invention refers 10 the mean particle 
size in the prepared sluny. The mean particle size of dielectric material powder mentioned 
in the present uivention is a value correqjonding to amwiative relative frequency of 50% 
(D50) in particle size distribution analysis. 



Thjcknc33 of the fir3l dielectric moterioJ grem sheet of the present inveadoii is 8 
or less, preferably 6 /im or iei^, and more preferably 4 /itn or less. Number of 
bUwks b 100 or more, preferably 150 or more, and more preferably 200. 

The first dielectric material green sheet having the internal conductor pattern 
5 fomicd thereon is made by printing an electricaUy electrode paste that includes a powder of 
one kind of metal jjcleclcd from a group including Ni, Cu, Ag, Ag Pd and diying it* 
•fhiclcne<« of the internal conductor pattern is 5 um or less and preferably 3 ii m or less. 
Mean particle size of the metal powder for making such a tliin internal conductor pattern i$ 
preferably in a range from 0.2 to 0.5 fzm. 
10 When a laminated elccironic component Is made by stacking a large number of 

layers, 3icp between the internal electrode pattern and a portion where the internal electrode 
pattern is not formed, due to the thickness of the iniemal clccirodc pattern, has a significanx 
suuetural influence leading to defect of the laminated electronic component. To avoid this 
problem, it is prcfcxaWc to tbnn a ceramic pattern by printing a dielectric ceramic paste of 
15 the same composition as thai of the first dielectric material >?reen sheet in the purdon of the 
first dielectric material green sheet where the internal electrode pauem is not formed. 

llien a plurality of the first dielecuic material green sheets having the internal 
electrode pattern formed thereon arc stacked to form the cffcclivc laminate that would 
develop ele4?.trostatic capacitance after firing. Ihen a plurality of second dielectric material 
20 KTcen sheets ihal make the external cover layers are slacked on the upper ami lower surlUecs 
of the effective laminate and is processed by thermo-compression bonding so as to make the 
laminate. The laminate is cut into predetermined size to obtain individual green compacts 
for the capacitor clement which are not yet fired. The green compacts for the capacitor 
clement are fired under prcdcicrmincfl cnnditinns in make c.'ipaciror clement^;. 
26 An external electrode paste is applied to the end faces of ihc capacitor clement 
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where the internal electrode layers 9 ore led out as shown in Fig.l, and 15 baked to molce 
laminoted ceramic elftcimnic cnmpnncnte provided with the external electrodesL 
(Second aspect) 

While the multilayer ceramic capacitor of this embodiment has basically the same 
siruciurc as thai of the first aspecl shown in Fifr 1 and FiR. 2, il hs importaai in diisi 
cmbodiment-thnt volume proportion of the secondary phase to the liiain crystal phase (main 
pha<;e) in the external cover dielectric layer 3 is lower than the volume proportion of The 
secondary phase to the main crystal phase in the dielectric ceramic layer 7. 

Specifically, the volume proportion of the Reeondary phase to Ihc mmi crystal 
phase in the external cover dielectric layer 3 is preferably set in a range from 60 to 95%, 
particularly ftom 70 to 90% of the volume proportion of the secondary phase to the main 
crystal phase in the dielecttic ceramic layer 7- This makes it possible 10 flinhcr suppress 
the stress generated due to the shrinkage of the internal electrode layer 9 interposed by the 
dielectric ceramic layer 7 through firing, thereby to siipprejss the occurrence, of 
delamfnation* 

The volume proportion can be determined, for example, by the following equation 
bom cross sectional areas of the main crystal pliase and the secondary phase measured 
through observation with an electron microscope. 

Volume proportion (%) {(cross sectional man of the senonfliiry pha.<:ft)/(em!%5i 
sectional area of the main crystal phase) } X 100 

Wliile the multilayer ceramic capacitor of ihis embodiment can be manufactured 
basically m a process similar to that for the multilayer ceramic capacitor of die first aspea 
shown in Fig. 1 and Fig. 2, it is important in this embodhnent that the omotmt of glass 
component consisting of Si02 as the main component included in the second dielectric 
material green sheet is less than that of the first dielectric material g^ccn sheet 
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Spe^cally, the amount of glass componcat in the second dielectric material green sheet is 
preferably set in a r^gc from 60 to 95%, paiticularly from 70 to 90% of the amount of glass 
wmpuncnt i» Uic firel Uiclcctric iiicilcrial Krccii sliccL Tliis iiiciK«> it pu^j^iblc lu delay Ihc 
start of shrinkage of the second dielectric material green sheet that would become the 
5 exiemal cover dielectric layer 3 thereby to achieve a changlTig pattern near the shrinkage 
curve for ^c firing temperature of the first dielectric material green sheet that would 
become the ett'ecHve dielectric inArerinl section 1 . 

Thus it is made possible lo suppress the sliuss Kunuruled in Ihc interlace bcLwccn 
the effective dielectric material section 1 and the external cover dielectric layer 3 due to the 

10 diflfcrcnee in the shrinkage starting icmpcraiurc during firings thereby to prevent 
delaminaiion irom occuning in the interface and between the internal electrode layer 9 and 
the dielectric cftramic teycr 7 near the inTcrfecc. 'iWs embodiment ir ssimilar to the first 
aspect Willi uliicr respects. 

Various improvements and modifications can be made to the present invention 

15 within the scope of the appended claims. 

The following examples further illuimnte the manner in which the present invention 
can he pmcticcd. It if; imricrstnod, however^ that the examples arc for the purpofUi of 
illustration and the inventions arc not to be regarded as limited to any of tiic specific 
materials or condition therein, 

20 FiXamplc I 

First, BaTiOa powder hoving a mean particle size of 0.3 m ni was used as the 
ceramic powder, for making a ceramic slurry for the first dielectric material green sheet, and 
a glass powder including SiOj as the main component having a mean particle sire of 0.6 
m was used as the sintering assisting agent. A binder solution was prepared by dissolving 

25 polyvinyl butyral and a plasticizcr In a solvent for the ceramic slurry made by mixmg 
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lulueuB and cthanol in proportions of 1:1 by weight BaTiOjpowda and glass powder 
were added to the binder solution in ptedetRrmineri pmpnrtions» and were disposed by 
usins a ball mill jw as lo uoiidiUou a»e ceramic sluny. The ceramic slurry was spread over 
a carrier fihn such as polyethylene terephtiialate (PET) by means of doctor blade, so as to 
make the first dielectric material green sheets having a thickness of 3 /x m, 6 m i" <uid 8 

r.>rgTni> sliiiiy for thft !;ecnnd dielectric material green sheet was prqjared similarly 
to die process described above, except fur u-siug a dielectric material powder having a mean 
particle size larger than that of the ceramic sluny for the first dielectric material green sheet 
and increasing the quantity of the glass powder, as shown in Table t . The ceramic slurry 
was spread over the carrier fihn by means of a doctor blade, to moke the second dielectric 
material green dicct forthe external cover having a thickness of 10 w m. Same conditions 
for preparing he slurry were cuiployed for both sheets. Specificarions of the slurry are 
shown in Table 1 . 

Then an dccirically conductive paste including Ni was applied to Ihc fiibi Uielccu-ic 
material green sheet of various thickness to form the internal electrode pattern. The first 
dielectric material green <?hcct having the internal electrode pattern formed thereon was then 
peeled off the carrier film. 300 pieces of the first dielectric material green sheet were 
stacked one on another, and eadi of the upper and lower snrKicesi of this stack was covered 
by stacking 20 external cover sheets having the specified quaiiiiLy of glass component 
thereon, thereby making Ac laminate of the present invention. Thickness of the intcrmil 
conductor was set at 0.5 timat that of each green sheet 

The laminate was cut into the shape of green compacts for the capacitor element 
that were degreased and fired in a reducing atmojsphere lo obtain the capacitor elements. 
CoinbiiiaUons of the first dielectric material green sheet and the second dicksctric material 
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gicca sheet arc shown in Tabic 1 . 

An extemaJ electmrie. paste was applied to hoth end fiaces of the capacitor element 
aad -was baked to fonn the cxtcmal electrode and make the midtilaycr ceramic capacitor 
measuring 3.2 mm in length and 2.5 mm in width. 

Ceramic structures of the dielecoic ceramic layer and of the external cover 
dielectric layer were observed with on electron microscope, to determine tfie mean gnun 
siTc of the crystal phase including BaTiOj that wa.s the main ciystal phase and ihe amount of 
the secondary phase consisting of boundary layer and triple point boundary layer. In the 
present invention, proportions of the dielecnic material powders and proportions of the gjkiss 
components used in the first dielectric material green sheet and the second dielectric 
material green sheet were retained oiler firing. 

Number of occurrences of delamination in 100 pieces of the multilayer ceramic 
capacitor was counted as the ratio of structural defects. Number of oecuTrenecs of cracks 
in 100 pieces of the multilayer ceramic capacitor was counted in soldering thermal shock 
lesisiance test at a temperatuitj of 280*C as an indicadon of teUabiUly of the mullilayer 
ceramic capacitor. 

Similar multilayer ceramic capacitors were fabricated as comparative examples by 
using green ahccls of dielectric material having the same gloss content in the first didcetric 
material green sheet and the second dielectric material green sheet, i^esults of amilar 
cvaluauun tests uflhc comparalivu examples arc shown in l^iblc 1. 
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Table 1 



Sample No. 


Thickness of 
first Oidectric 
Material Green 

SheetCtf m) 


Ratio or 

Muan 
Psrticle 
Diameter 
(♦2) 


Katio Or 
ainuuriU vf 
Secondary 
Phase 
(*3) 


Oocun'ence of 
Debmination 


Ooeurronce of 
Cracks 


4c 1-1 


3 


1.3 


1 


85 


5/100 


1-2 


3 


1.05 


1.01 


10 


3/1 OO 


1-3 


3 


1.1 


1.01 


5 


0/100 


1-4 


3 


1.2 


1.05 


□ 


O/IOO 


1-5 


3 


1,3 


1.1 


0 


0/1 OO 


1-6 


3 


1.3 


1.2 


0 


0/100 


1-7 


3 


1.3 


1.3 


0 


0/1 OO 


1-8 


3 


1.3 


1.4 


u 


0/100 


1-9 


3 


1.4 


1.4 


0 


0/100 


1 -10 


3 


1.4 


1.4 


0 


0/1 OO 


I 11 


6 


1.5 


1.35 


0 


0/1 00 


1-12 


6 


1.5 




0 


0/1 OO 


1-13 


6 


1.5 


1.45 


0 


0/1 OO 


1-14 


8 


1.5 


1.5 


0 


1/100 


♦ 1-15 


3 


7.0 


1.0 


100 





Sample numbers marked with ^ are not wfthin the scope of the present invention. 
*K2:Ratio of mcon porticic diomctcr of moln oryotal in rolation of extemol cover dielectn- 



layer /dielectric cernmin Uyftr. 
iK3:Ratio of amount of secondary phase In relation of external cover dielectric layer / 
cEdeotric ceramic layer* 



As will be apparent flx)m Tabic U in the samples Nos. 1-2 through 1-14 v/heru ihc 
mean groin size of the main crystal phase that constitutes the external cover dielectric layer 
5 w^ijt Lnrgcr than that of the dielectric ceramic layer thai constituted the c£fective dielectric 
material section and ihe amount of the secondary phase vvas larger, rates of occurrences of 
cracks and dclamination between the effective dielectric material sections due to the strain 
caused by the difference In the liring sian temperature between the exiemal cover diclccuic 
layer and the effective dielectric material was 10% or less after firing and was 3% or less 
10 after the soldering thermal shock resisumce test. 
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In the jsaznplcs Nos. 1-3 through T-14 where the mean grain size of the main crystal 
phase of the external cover dielectric layer was in a range firom 1.1 lo 1.5 times ihe mean 
grain size of the main crystal phase of the dielectric ceramic loyer, and the amount of the 
secondary phase was from 1 01 in 1 .5 timcj;, m particular, rates of occurrences of cracks and 
5 Uclamiualiuii were 5% or less after firing and were 1% or less after the soldering thermal 
shock resistance test. 

In the comparaiivc examples of the samples Nos. 1-1 and T-1 5 where mean particle 
size and the amount of glass were made equal in the external cover dielectric layer and the 
dielectric ceramic layer, or either mean particle size or the amount of glass was made equal 
10 in Ihc cxlcmai cover Uiclcclric layer ur die dielccuic cciainic layci\ in contrast, dclamination 
occurred in the interfaces between the external cover dieleclric layer and the dielectric 
ceramic layer of all multilayer ceramic capacitors after firing. 

Fixnmple II 

First dielectric material green sheets having a thickness of 3 u m, 6 um and 8 u 

IG III were iiuide Oil cairicr fiUiis siniilaiiy to Example 1. 

The second dielectric material green sheet for the external cover 10 ^ m in 
thickness was made similarly to die process described above, except for usinu a ceramic 
slurry for the second dielectric material green sheet with the glass content being controlled 
in a range from 60 to 95% by wcij^t to thai of tiie first dielectric material green sheet. 

20 Then an electrically conductive paste including Ni was applied to the first dielectric 

material green sheeb: of various thickness to form the internal electrode pattern. The first 
dietecoric material green sheets having the imemal electrode pauem formed thereon were 
peeled off die carrier Rims. 300 pieces of die first dielectric material green sheet were. 
Stacked one on another, and each of die upper and lower surlaces of this stack was covered 

25 by stacking 20 external cover sheets having the .speciHed quantity of gloss component 
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tbcrcon, thereby imnVtri^ The lominate of the present inventioxi. 

'ITie laminate was cut into Che Shape of green compacis for ihc capacitor element 
(liat were dcgrcascd and fired in a reducing atmosphere to obtain the capacitor elements. 
Combinations of the first dielectric material green sheet and rhe <;ecnnd dielectric material 

5 green sheet are shown in TUblc L 

An external electrode paste was applied to both end faces of the capacitor element 
and was baked to form the C3aenial electrode and make ^e multilayer ceramic capadlors 
ujeasuriiig 3.2 mm in length and 2.5 mm in width. 

Ceramic structures of the dielectric ceramic layer and the external cover dielectrir. 

10 layer were observed with an elecnxin microscope, u> determine die JilTeic^ 

proportion between the grains including BaTlO} that was the main cxysial phase and the 
secondary phase Cboundary layer and triple point boundary layer). Tlie mean Rnrin size of 
Oic main crystal pliase that constimtcd Ac dielectric ceramic layer and the external cover 
dielectric layer was 0.5 tJ m. 

15 Number of occuricnccs uf dclaiiiiuiitiou iu .lOO pieces of die multilayer ceramic 

capacitor was counted as the rate of structural defects. Number of occuzrenc^ of cracks in 
100 pieces of the multilayer ceramic capacitor was counted in soldcrinK ihcraial shuck 
resistance test at a temperature of 280^0 as an indication of reliability, and failure rate in 
300 pie^^es after operaHng ar X.ST; with fi4V for 4K hours was determined. 

20 Similar inuUilaycr ceramic uapacitoi's were fabricated as comparative examples by 

using green sheets of dielectric material having ihe same glass content as in the first 
dielectric material green sheet and the second dielecuic material green sheeL Results uf 
similar evaltxotion tests of die comparative examples are shown in Table 2 along with the 
remits of testing the present invention. 
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Sample 
No. 



n-2 



II-3 



H 4 



U-5 



n-6 



11-7 



tt-8 



H«lI-9 



Table 2 



H-IO 



Thickness of 
First Dielectric 
Material Green 

She«tC |im) 



8 



Volume 
Proportion ot 
Secondary Phase 

CVolume %) 



70 



80 



90 



60 



70 



80 



90 



95 



100 



70 



Oeeurronee of Dalaminatien 



After Finns 
(%) 



U 



100 
0 



After Soldering 

Thermal Shock 
Resistance Test 



6 



Failure Rate in 
High- 
Templrature 
Leading Tect 

(%) 



n 



n 



Sample numbers marked wth ♦ are not within the scope of the present invention. 
•MiCVolumc propotion of secondary phoae in dicleotrio oeramto layer) / (volume propotion of second 
phR5u% in ftirtemal cover dielectiric layer) 



As will be apparent from Table 2, in Uxo samples Nos- 11-1 through 11-8 and 11-1 0 
where volume proportion of tiic secondary phase includine SiOa as the main component in 
5 tlic ceramic composition that constituted Ike external cover dielectric layer was less than the 
volume proportion of the secondary phn.w nl the dielectric ceramic layer thai consiixuied the 
elTcclivc dlclccLrtc iiiaLeriul section, rate of occuircnccs of dclaminatlon due to stress caused 
by the dififercnce in the firing start temperature between the external cover dielectric layer 
and the effective diclccuic material was 1% or less after firing, 2% or less aflcr llic 
10 soldexing tiicimal shock resistance test and failure rate in high-temperature loading test was 
0%. In the samples Nos. iI-1 thrniiEh Ill-h through ni-7 and m-lO where the 
pruporLiuiis described above were in a range from 60 to 90%, in particular, delominaiion did 
not occur after firing and after the soldering tliermal shock resistance test. 

In sample No. 11*9 where Uic external cover dielectric layer and the dielectric 
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ceramic layer were mode with the same composition of ceramics, delamination occurred in 
Ae intRi+hccHC between the external cover dielectric layer and the dielectric curamic layer uf 
all multil^cr ceramic capacitors after firing, and failure rate in high-temperature loading 
test was 03%. 



